Background: Laminin-332 (LM-332, formerly termed laminin-5) is a heterotrimeric glycoprotein that promotes cellular adhesion and migration. The heterotrimer consists of an a3, a b3, and a g2 chain. The aim of this investigation was to clarify the clinicopathologic significance of laminin-332b3 (LNb3) chain expression and determine its influence on survival in pancreatic ductal adenocarcinoma.
P
ancreatic ductal adenocarcinoma is one of the most deadly cancers of the gastrointestinal tract. Although diagnosis and treatment methods continue to improve, this cancer is almost invariably fatal. Surgical resection and chemotherapy are the only possible cure for patients with pancreatic carcinoma. Therefore, it is necessary to determine the biological characteristics of the carcinoma and identify better therapy targets to improve the prognosis.
Tumor invasion and metastasis may initiate from invading of surrounding tissue and then break through the basement membrane (BM) by tumor cells. Laminins are structural molecules of the extracellular matrix (ECM) that separate epithelial cells from the underlying stromal tissues and play an important role in cell adhesion, growth, migration, proliferation, and differentiation. Laminins are heterotrimeric glycoproteins composed of 3 different chains (a, b, and g), encoded in humans by 5a, 4b, and 3g genes. 1 At present, 15 different laminin isoforms have been identified in mammals. 2 Laminin-332/laminin-5 (LM-332) consists of a3, b3, and g2 chains, which are encoded by the LAMA3, LAMB3, and LAMC2, genes respectively.
At present, the association between the laminin-332 b3 chain and pancreatic cancer has not been studied. We investigated both mRNA and protein expression of LNb3. The purpose of this study was to determine the impact of their expression relative to other typical clinicopathologic variables on outcomes in patients undergoing resection of pancreatic ductal adenocarcinoma.
MATERIALS AND METHODS
Between February 2010 and March 2013, tissue specimens (neoplastic and matched non-neoplastic pancreatic tissues) were collected from 37 patients with pancreatic ductal adenocarcinoma at the Department of Hepatobiliary and Pancreatic Surgery, First Affiliated Hospital, College of Medicine, Zhejiang University. Pathologic analyses confirmed the diagnosis of each patient. The tissues were immediately frozen in liquid nitrogen and stored at À 801C until use. The formalin-fixed, paraffin-embedded sections of 96 pancreatic ductal adenocarcinomas were used for immunohistochemistry. Of 96 cases, 90 tissue samples were confirmed by a single pathologist to contain the tumor with adjacent normal pancreatic ductal tissue, whereas 6 blocks of tissue contained the tumor with abnormal adjacent pancreatic ductal tissue. We reviewed the clinical information of 96 of these randomly selected patients after approval by our institutional review board. Data on age, sex, tumor location, size, bile duct/duodenal invasion, differentiation, lymph node invasion, perineural invasion, vascular invasion, pancreatic capsule invasion, portal vein invasion, margin status, degree of invasion, hepatic metastasis, and TNM staging were collected.
Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR)
Total RNA was extracted from pancreatic cancer tissues and adjacent tissues using the TRIzol reagent (Invitrogen, CA), and cDNA was synthesized from the total RNA (2 mg) using iScript cDNA Synthesis (Bio-Rad laboratories). Real-time PCR was performed with an ABIPR-ISM 7900 Sequence Detection System (Applied Biosystems) using an iTaq universal SYBR Green supermix (Bio-Rad laboratories). Amplification reactions included 1 mL of cDNA template, 0.3 mL each of the forward and reverse primers (10 mM), 0.2 mL of 50Â ROX Reference Dye II (Takara), and 5 mL of 2Â SYBR Premix DimerEraserin, for a total volume of 10 mL. The primers for the 2 genes were as follows: LAMB3, (forward) 5 0 -GGCAGATGATTAGG GCAGCCGAGGAA-3 0 and (reverse) 5
0 . Amplification of the transcripts involved an initial denaturation at 951C for 30 seconds, followed by 40 cycles at 951C for 5 seconds, 551C for 30 seconds, and 721C for 34 seconds. The comparative threshold cycle method was used for relative quantification. b-actin was used as an internal control for normalization. All real-time PCRs were performed in triplicate. Data were calculated using the 2 À D(DCt) method. 3 
Immunohistochemistry
Formalin-fixed, paraffin-embedded tumor tissue samples from 96 patients were sectioned (4-mm thick), mounted on poly-L-lysine-coated glass slides, and allowed to dry overnight at 651C. Briefly, slides were deparaffinized in xylene, transferred through 3 changes of 95% ethanol, and then transferred into water. For antigen retrieval (b3), the slides were boiled in a pressure cooker containing Tri-EDTA (pH 9.0) for 20 minutes then cooled for 20 minutes at room temperature. Endogenous peroxidase activity was blocked in 1.5% methanol hydrogen peroxide for 8 minutes at room temperature. Following incubation, the slides were washed 3 times in PBS for 2 minutes each. Then, the slides were incubated with the primary antibody Lamininb-3 (Santa Cruz, sc-133178) in 1:100 dilution overnight at 41C. After washing 3 times in PBS for 2 minutes each, the bound primary antibody was detected using a ready-to-use secondary antibody kit (Dako, K5007) for 30 minutes at room temperature, and the chromogenic substrate 3,3-diaminobenzidine tetrahydro-chloride. The specimens were then counterstained with hematoxylin, mounted and examined by light microscopy.
Tumor cell percentage was scored as follows: 0 = r5% of tumor cells positive; 1 = 6 to 25% of tumor cells positive; 2 = 26 to 50% of tumor cells positive; and 3 = Z51% of tumor cells positive. Scoring criteria for staining intensity were as follows: 0 = no staining; 1 = weak staining (light yellow); 2 = moderate staining (yellow brown); and 3 = strong staining (brown). The staining index was calculated as the product of the percentage of positive tumor cells and the staining intensity score.
Using this method of estimation, we evaluated expression of LNb3 in the tumor and adjacent normal pancreatic ductal tissue by determining the staining index with scores of 0, 1, 2, 3, 4, 6, or 9. In statistical analysis, an optimal cutoff value was assessed as follows: a staining index score of >6 was used to indicate tumors with high LNb3 expression, and a staining index score of r6 was used to define low LNb3 expression.
Statistical Analysis
All analyses were performed using SPSS version 21.0 software. The w 2 2-tailed test or Fisher test was used to assess the associations between immunohistochemical expression and clinicopathologic characteristics. P <0.05 were considered statistically significant. A P-value between 0.05 and 0.20 was considered a trend toward an association. The survival time was considered calculated from the date of resection until the date of death from any cause. Dates of death were obtained from follow-up telephone calls or patient hospital records. Survival curves were completed using the Kaplan-Meier method and compared by log-rank analysis. Multivariate analysis was performed by the Cox proportional hazard method.
RESULTS
mRNA Expression of LNb3 in the Primary Pancreatic Adenocarcinoma and Corresponding Non-Neoplastic Pancreatic Tissues adjacent non-neoplastic pancreatic tissues for transcriptional mRNA level of LNb3 by real-time PCR. LNb3mRNA level in 15 pancreatic cancers were higher than corresponding adjacent tissues, however, another 22 pairs of tissue showed the opposite results which meant LNb3 mRNA may frequently be downregulated in pancreatic carcinoma. The relative value of LNb3 mRNA was 1.427 ± 1.554 in pancreatic carcinoma and 1.423 ± 1.439 by 2 À D(DCt) in non-neoplastic pancreatic tissues in this 37 cases. The difference of expression levels of LNb3 mRNA between carcinoma and non-neoplastic pancreatic tissues was not statistically significant (P = 0.991).
Overexpression of LNb3 in Pancreatic Ductal Adenocarcinoma
Expression of LNb3 was detected in the tumors of all 96 patients, although their expression intensity varied.
Strong (high expression) staining for LNb3 was observed in 83 (86.5%) of 96 cases (Table 1) .
Normal pancreatic ducts stained negative, weakly positive, or moderately positive for LNb3 (Table 1) . Staining for LNb3 was not observed in the normal pancreatic tissue (Fig. 1A) . Expression of LNb3 of 6 adjacent normal pancreatic ductal tissues was not observed (Table 1) .
Figures 1B to F show expression results of immunohistochemistry for LNb3 in pancreatic ductal adenocarcinoma. In carcinoma tissues, LNb3 expression, when present, was observed predominantly in the cytoplasm of cancer cells. Strong staining for LNb3 is often observed in poorly differentiated tumors and weak expression in heterotype epitheliums and well-differentiated tumors (Figs. 1B, C) . Extensive perineural invasion is found easily in pancreatic cancer with high expression of LNb3 (Fig. 1D) . The cytoplasmic staining was more intense in the stain pattern of LNb3 known as invasion front or dividing cancer cells (Fig. 1E ). In the domain of squamous metaplasia, the cytoplasmic immunoreactivity was predominantly expressed in cancer cells at the edge of groups of cancerous cells, with only weak staining of the cells in the center of the group (Fig. 1F) . It is obvious that the expression of LNb3 was increased with regression of differentiation in our study. In some cases, the mesenchymal expression for LNb3 in the ECM manifested a more irregular and curly and diffuse staining pattern, particularly in the invasive areas (not shown in Fig. 1 ). Overall, LNb3 of pancreatic adenocarcinoma tissues was significantly overexpressed compared with that in normal pancreatic tissue (P = 0.000; Table 1 ). Table 2 summarizes the clinical data, including age, sex, tumor size, tumor location, bile duct/duodenal invasion, differentiation, lymph node invasion, perineural invasion, vascular invasion, pancreatic capsule invasion, portal vein invasion, margin status, extent of invasion, hepatic metastasis, and TNM staging, along with the staining intensity of LNb3 in the 96 patients with pancreatic ductal carcinoma. LNb3 expression was significantly correlated with differentiation and advancedstage neoplasia (P < 0.05). The cases with positive LNb3 staining were more likely to have pancreatic capsule invasion than were those that stained negative (P = 0.134). 
Association of LNb3 Expression With Clinicopathologic Characteristics

Survival
Univariate analysis: The median survival time of patients who exhibited low expression of LNb3 was 19.200 months, whereas the median survival time of patients who exhibited high expression of LNb3 was 8.984 months. The 1-year survival rate of cases with low expression was 68%, whereas that of cases with high expression of LNb3 was 28%. The correlation between low expression for LNb3 and high expression for LNb3 was significant (Gehan test, u = 9.011; P = 0.003; Table 3 ). Tumors with low expression of LNb3 conferred a survival advantage compared with tumors with high expression of LNb3 (P = 0.016; Fig. 2 ).
Multivariate analysis: The independent prognostic factors most likely to impact survival were entered into the multivariate analysis model. Location was a significant predictor of survival, whereas other histopathologic factors such as tumor size, duodenal invasion, differentiation, extent of invasion, hepatic metastasis, and expression of LNb3 were not predictive (Table 4) .
DISCUSSION
At present, there are some reports about LNb3 expression in human cancer cells. In these literature, expression of LNb3 has been reported to associated with LNg2 in hepatocellular carcinoma, squamous cell carcinoma of the tongue, colorectal carcinoma, biliary cancer, and gastric cancer. [4] [5] [6] [7] To our knowledge, LNb3 had not been reported in pancreatic adenocarcinoma previously, further analysis was required to explore the mechanism of expression.
Previous study revealed that expression of LNb3 genes was lost in several cell lines and tumors. It was lost in 4 of 5 (80%) bladder cancer cell lines and 6 of 8 (75%) bladder tumors. 8 In gastric cancer tissues, the LNb3 gene was transcriptionally silenced by methylation of the promoter CpG islands in several cell lines. 7 In our experiments, although LNb3 mRNA was expressed in pancreatic adenocarcinoma on expression profiles of LM-332-encoding genes by QRT-PCR, part of tumors had lost expression. It needs further research to whether the expression deletion of LNb3 genes is associated with the promoter methylation in pancreatic adenocarcinoma.
Immunohistochemistry revealed that expression of LNb3 was predominantly in cytoplasm of pancreatic cancer cells in these included specimens. Strong staining of LNb3 predominantly in the cytoplasm of cancer cells was observed in 83 (86.5%) of 96 patients with pancreatic adenocarcinoma that was correlated with differentiation (low differentiated type) and advanced stage. Tumors with low expression of LNb3 had a survival advantage compared with tumors with high expression of LNb3. It also showed that expression of LNb3 was associated with the extent of invasion and advanced stage in gastric cancer. 7 Overexpression of LNb3 could stimulate invasion, migration, and tumorigenicity.
Of interest, in pancreatic adenosquamous carcinoma, strong staining for LNb3 was predominantly seen in the cancer cells at the edge of the tumor nests, with the cells in the center of the tumor nests staining weaker. It was further confirmed that LNb3 expression was correlated with differentiation of pancreatic adenocarcinoma and squamous cell carcinomas.
In addition, we observed that LNb3 staining was often more intense at the invasive front and in reproducing pancreatic cancer cells. Meanwhile, immunohistochemistry staining of LNb3 and LNg2 was mainly observed in the cytoplasm of biliary tract cancer cells. The invasive front-dominant pattern of expression for LNb3 was observed in 23 (38%) patients with biliary tract cancer. 6 In some cases, the mesenchymal expression for LNb3 was not continuous along tumor BMs but irregular Although only a few studies have examined LNb3 expression in human cancer, the mechanism of interaction between LNb3 expression and cancer invasion has been researched and discussed. The laminin EGF-like domain of the b3 short arm is a binding site for type VII collagen, which decreases the cell adhesion activity of LM-332 and plays an important role in signal transduction. 10 In squamous cell carcinoma, the interaction between LNb3 and type VII collagen could activate the PI3K pathway, which is important in carcinogenesis, invasion, and protection from apoptosis. 11 These findings indicate a dramatic selectivity of expression and function for LNb3 in pancreatic adenocarcinoma tumorigenesis and provide evidence supporting its usefulness as a target for anticancer therapy.
In conclusion, overexpression of LNb3 indicates cancer cell invasion and is therefore correlated with disease progression and poor patient survival rate.
The demonstration of the mechanism of LNb3 in the invasion and metastasis of cancer cells in pancreatic ductal adenocarcinoma may elucidate a new molecular target for therapies used in these patients.
